This is a critical abstract of an economic evaluation that meets the criteria for inclusion on NHS EED. Each abstract contains a brief summary of the methods, the results and conclusions followed by a detailed critical assessment on the reliability of the study and the conclusions drawn.
non-16/18 HPV types, persistent low-risk HPV types, transient low-risk or high-risk HPV types, and no HPV. The cervical disease categories were no neoplasia or cancer, cervical intraepithelial neoplasia (CIN)1 and CIN2,3. The invasive cervical cancer categories were local, regional and distant. The model assumed a cohort of 100,000 adolescent girls subject to age-dependent probabilities of acquiring and clearing HPV infection starting at age 13 years.
Outcomes assessed in the review
The outcomes assessed were: the incidence and clearance of HPV infection; the natural history of CIN; the natural history of invasive cervical cancer (in terms of the probabilities of progression from one stage to the next, and the probabilities of developing symptoms, and of survival at 5 years for each of the stages); vaccine characteristics (i.e. efficacy, age at vaccination and vaccine coverage); screening test characteristics (specificity and sensitivity); and health-related quality of life for the different stages of detected invasive cancer before and after treatment.
Unless stated otherwise, the parameters estimated were reported as 6-month probabilities.
Study designs and other criteria for inclusion in the review
No inclusion or exclusion criteria were explicitly stated, although the authors reported that the values for the sensitivity and specificity of cervical cytologic screening were obtained from large clinical trials and recent comprehensive reviews.
Sources searched to identify primary studies
Not reported.
Criteria used to ensure the validity of primary studies
Methods used to judge relevance and validity, and for extracting data
Number of primary studies included
In total, 56 studies provided data to populate the model. Thirty-four were used for transition probabilities, 12 for sensitivities and specificities of tests, 2 for vaccine characteristics, 3 for health-related quality of life weights, and 5 were modelling studies.
Methods of combining primary studies
Investigation of differences between primary studies
Not reported. 0.11 (range: 0.08 -0.14) for Stage IV.
Vaccine efficacy was 90% (range: 50 -100), age at vaccination was 12 years (range: 12 -15), and vaccine coverage was 100% (range: 50 -100).
The sensitivity of liquid-based cytology was 84% (range: 69 -88) and the specificity was 88% (range: 77 -93).
The sensitivity of conventional cytology was 66% (range: 34 -86) and the specificity was 97% (range: 88 -99).
The utility weights associated with health-related quality of life were: 
Methods used to derive estimates of effectiveness
Some assumptions were formulated in order to obtain some of the estimates of effectiveness.
Estimates of effectiveness and key assumptions
The authors assumed that:
colposcopy and biopsy examinations would accurately identify the true underlying histology of the cervix; all the cohort of girls would be successfully vaccinated at the age of 12 years before their first exposure, and would be fully immunised at 13; and the probability of acquiring persistent infection with HPV16/18 vaccine would be reduced by 90%.
Measure of benefits used in the economic analysis
The measure of benefits used was the quality-adjusted life-years (QALYs). The authors also reported the reduction in the lifetime risk of cancer. The quality weights for the time spent in cancer health states were derived from utility estimates by the Committee to Study Priorities for Vaccine Development (Institute of Medicine; Stratton et al. 2000, see 'Other Publications of Related Interest' below, for bibliographic details) and varied with the disease stage. Agespecific QALY weights were used for non-cancer states. The methods used to develop the QALY weights were not reported. The QALYs were discounted at an annual rate of 3%.
Direct costs
The direct costs included were those of the health service and the patient. Vaccination, screening and treatment costs were considered.
The costs of vaccination included three brief clinic visits, surveillance and educational costs, patient (or parent) time
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Page: 4 / 9 costs, and a 10-minutes pre-vaccination counselling session with a registered nurse or nurse practitioner. Data from the US Bureau of Labour Statistics were used to assign a cost for the time required from each provider. The direct medical costs of screening included the costs of either conventional or liquid-based cytology, the costs of HPV DNA tests, office visits and patient time costs. The costs of treatment were for colposcopy and biopsy, the treatment of CIN1 and CIN2,3 patients, and costs related to each of the cancer stages (I to IV). The direct medical costs for screening and treatment were derived from published data. The time spent undergoing screening was derived from a prospective study of time costs associated with cervical cancer screening (Shireman et al. 2001 , see 'Other Publications of Related Interest' below, for bibliographic details).
Overall, the costs were estimated on the basis of actual data, supplemented with some authors' assumptions about health care resource use. The costs were converted into 2002 US dollars using the medical care component of the Consumer Price Index. Discounting was carried out at an annual rate of 3%.
Statistical analysis of costs
The costs and resource use were treated deterministically.
Indirect Costs
Although the authors reported that a societal perspective was adopted, the indirect costs associated with the lost productivity due to the disease were not considered in the analysis.
Currency

US dollars ($).
Sensitivity analysis
The authors presented various scenarios with combinations for vaccine efficacy, cytology type, age at screening and screening interval to allow for uncertainty. An extensive one-way sensitivity analysis was carried out on other variables (i.e. costs, natural history parameters) to allow for parameter uncertainty. Parameter value ranges for the sensitivity analysis were derived from the literature. Published data incorporating transportation costs associated with cervical cancer screening were also used in the sensitivity analysis.
Estimated benefits used in the economic analysis
Initially, the authors obtained results for the introduction of a type-specific HPV vaccine (for 70, 80, 90 and 100% vaccination efficacy) to current cervical cancer screening practice in their setting. They also compared the 80 potential cervical cancer prevention strategies (which combined vaccination and-or screening, cytology type, age at screening initiation and screening interval).
The health benefit results for life time duration in the base-case analysis were: For the comparison of the 80 potential screening strategies, the authors reported results for the 14 potential cervical cancer prevention strategies that were not dominated (i.e. those strategies with higher costs and lower health benefits when compared with any other were excluded). These were as follows:
1) no intervention;
2) screening only, conventional cytology type, age 35 at screening initiation, 5-year screening interval;
3) screening only, conventional cytology type, age 30 at screening initiation, 5-year screening interval; 4) screening only, conventional cytology type, age 25 at screening initiation, 5-year screening interval; 5) screening/vaccine, conventional cytology type, age 30 at screening initiation, 5-year screening interval; 6) screening/vaccine, conventional cytology type, age 25 at screening initiation, 5-year screening interval; 7) screening/vaccine, conventional cytology type, age 21 at screening initiation, 5-year screening interval; 8) screening/vaccine, conventional cytology type, age 25 at screening initiation, 3-year screening interval; 9) screening/vaccine, conventional cytology type, age 21 at screening initiation, 3-year screening interval; 10) screening/vaccine, conventional cytology type, age 21 at screening initiation, 2-year screening interval; 11) screening/vaccine, conventional cytology type, age 18 at screening initiation, 2-year screening interval; 12) screening/vaccine, liquid-based cytology type, age 18 at screening initiation, 2-year screening interval; 13) screening/vaccine, conventional cytology type, age 18 at screening initiation, 1-year screening interval; 14) screening/vaccine, liquid-based cytology type, age 18 at screening initiation, 1-year screening interval.
The QALYs for strategies 1 to 14 were, in order, 25.9112, 25.9607, 25.9696, 25.9765, 25.9893, 25.9919, 25.9930, 25.9953, 25.9967, 25.9986, 25.9990, 26.0002, 26.0006 
Cost results
The lifetime costs results for the base-case were:
$1,111 for the current screening programme, $1,421 for vaccination at 70% efficacy, $1,409 for vaccination at 80% efficacy, $1,400 for vaccination at 90% efficacy, and
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For the 14 non-dominated potential cervical cancer prevention strategies, the average per woman lifetime costs results were, in order (strategies 1 -14), $235, $386, $443, $526, $748, $828, $896, $1,030, $1,144, $1,450, $1,581, $2,314, $2,581 and $3,992.
Synthesis of costs and benefits
The authors combined the benefits and costs using incremental cost-effectiveness ratios (ICERs). These were estimated as the incremental cost per additional QALY gained when two competing strategies were compared. The ICER results in 2002 US dollars versus the current screening programme were:
$33,700 per additional QALY for vaccination at 70% efficacy, $28,100 per additional QALY for vaccination at 80% efficacy, $24,300 per gained QALY for vaccination at 90% efficacy, and $20,600 per gained QALY for vaccination at 100% efficacy.
For the 14 non-dominated potential cervical cancer prevention strategies, the ICER for each strategy versus the next most effective strategy were, in order (strategies 2 -14), $3,100, $6,400, $12,100, $17,200, $31,200, $57,400, $58,500, $83,000, $164,400, $280,200, $617,900, $771,300 and $3,867 ,500.
The results were most sensitive to alternative assumptions about the duration of vaccine efficacy, the proportion of persistent HPV in women older than 30 years that was attributable to newly acquired HPV infection versus reactivation of infection acquired in early adulthood, and the underlying frequency of cervical cancer screening, age at which screening is initiated, and cost of following women with atypical cytology screening results and low-grade lesions. The results were less sensitive to plausible changes in the natural history parameters, screening test characteristics, cervical cancer mortality and costs. The cost-effectiveness results were stable for a wide range of vaccination costs. However, when the total per person vaccination costs exceeded $1,000, strategies that combined vaccination with screening were dominated by strategies that relied on screening alone.
predicted outcomes with those of other published analyses. Estimates of important parameters, such as the sensitivity and specificity of cervical cytology screening, were obtained from large clinical trials and recent comprehensive reviews. The authors considered a wide range of values derived from the literature for the parameters in the sensitivity analysis.
Validity of estimate of measure of benefit
The authors used a single measure of benefits in the economic analysis, QALYs. They did not state if the methods used to derive quality of life weights were calculated using preference-based methods. However, they did report that these weights and their associated ranges of variation were derived from utility estimates in the literature.
Validity of estimate of costs
Although the authors reported that the study had been conducted from a societal perspective, no indirect costs were reported and no justification was provided for their exclusion. All the categories of costs relevant to the health service appear to have been included in the analysis. The authors mentioned the aggregated categories of costs included in the analysis and derived direct medical costs from the literature. However, they did not present all the resource use quantities and unit costs separately. This means that it may be difficult to rework the analysis in other settings. The costs were treated deterministically, but extensive sensitivity analyses were conducted to assess the robustness of the estimates used. Appropriate currency conversions and discounting were performed.
Other issues
The authors compared their findings with those from other studies. In general, their findings were in agreement with the findings of other studies, providing that screening may be initiated at a later age and conducted less frequently. The issue of generalisability of the results to other settings was not addressed. The authors presented their model results selectively for the second part of the analysis and justified this approach: they presented results for those strategies that were not dominated by other strategies. The authors stated some limitations of their analysis. For example, the model cannot be used to assess the impact of HPV vaccination of both men and women on the dynamics of viral transmission and will, therefore, underestimate the impact of factors such as herd immunity. In addition, long-term vaccine efficacy is uncertain, and there are heterogeneities in vaccine response that the authors could not include in the absence of empiric data.
Implications of the study
A combined programme of vaccination and screening that permits a later age of screening initiation and a less frequent screening interval is likely to be a cost-effective use of limited health care resources. As the authors reported, further research is needed to gather reliable data around patient and family preferences, the likelihood of vaccine acceptability, and behavioural response to an intervention that is partially protective against cervical cancer.
